Abstract: We depart from the trade and wages literature and its emphasis on North-South trade. Examining North-North trade and linkages between tradebased integration and relative wages in an Ethier-type division of labor model, we use this to we identify formal relationships between trade, productivity, and wages. We examine the trivariate relationship between trade, growth in total factor productivity (TFP), and the skill premium in a VAR framework, finding evidence of long-run relationships between growth in intermediate goods and changes in TFP. Controlling for this relationship, we also find a positive relationship between trade and the skill-premium. Our results suggest a significant alternative trade-based mechanism, apart from the North-South trade and skill-biased technical change mechanisms highlighted in the current literature on the evolution of relative OECD wages. 
INTRODUCTION
The recent surge in research on the link between trade and wages has abated, and the collective prior among economists on the empirical magnitude of that link seems to have stabilized around the existence of some statistically significant but practically small effect of trade on the decline in the relative wage of unskilled workers. However, important questions remain. The great majority of both theoretical and empirical work addresses the link between trade and wages within the context of the Heckscher-Ohlin-Samuelson (HOS) model, generalized in a variety of straightforward ways. This tends to focus attention on North-South trade, where the Stolper-Samuelson effects would be most pronounced. That is, given substantial liberalization in North-South trade and falling frictional costs of trade, the substantial differences in relative commodity and factor prices between North and South might cause us to expect large effects. However, as a number of students of this topic have pointed out, the volume of North-South trade is quite small, with the, somewhat controversial, implication that the leverage for Stolper-Samuelson effects is also small. Where we do observe substantial and growing trade volumes and deepening economic integration is between North (aka OECD) economies.
From its beginning, the literature seeking to explain the increase in the skill-premium (in an environment with an increasing in relative endowment of skilled workers) has considered skill-biased technical change as an alternative to trade shocks. Much of the testing in the Heckscher-Ohlin framework has treated technical change as the alternative hypothesis. 1 In this paper, while we retain the emphasis on comparative static analysis, we seek to depart from this literature by focusing on intra-industry trade (specifically, trade in industrial intermediates) in a division of labor model of the sort pioneered by Ethier (1982) and Markusen (1990) . 2 As with current empirical research on trade patterns, which has examined the implications of imperfect competition models, we provide an empirical analysis of a relatively sparse monopolistic competition model of the link between trade and labour markets. 3 Specifically, we examine, theoretically and empirically, North-North trade within a monopolistic competition model, looking for links between globalization and labour market performance.
Given the ease with which the HOS model yields an estimating framework, it is not surprising that the empirical literature on the general equilibrium effects of trade and wages and of skill-biased technical change has 1 Leamer (1998) is particularly clear on the problems with the way such testing has gone. More recently, Slaughter (2001, 2002) have developed this methodology particularly clearly. 2 Recent work has considered issues of the link between trade and skill bias in models directly focused on technology choice in a variety of environments (Neary, 2000; Thoenig and Verdier, 2003; Ekholm and Midelfart, forth.) . We view our work as strongly complementary to the research in these papers. That is, where these papers seek the foundations of technical change in technology choice, we seek the foundations in an expanding division of labor.
3 There is now considerable literature suggesting: 1) that the HOV model does a less than spectacular job in describing directions of trade; and that 2) alternatives including increasing returns and monopolistic competition offer a useful addition to factor-endowments in accounting for directions of trade. Daniel Trefler (1995; Antweiler and Trefler, 2002) has probably done more than anyone to advance this position, but the literature is now vast. Harrigan (2003) provides an overview of this research. Just as these models help account for the directions of trade, we suggest in this paper that the same class of models can help us understand the evolution of the relationship between trade and wages.
derived primarily from competitive models of the HOS family. By contrast, imperfectly competitive models come in a variety of forms, most of which do not yield as readily to empirical representation as do the competitive models.
Nonetheless, this is not the first attempt to evaluate the links between trade and wages under conditions of imperfect competition. The closest empirical analysis to that presented here is Borjas and Ramey (1994) . In that paper, the authors develop a simple theory of Nash bargaining between a firm and a union in an industry characterized by rents. 4 Assuming an empirical connection between concentration and rents, the authors hypothesize that increased competition in concentrated sectors will shrink rents, reducing returns to labour in those sectors.
If unskilled workers are concentrated in sectors characterized by large rents and unions, increased competition in those sectors will cause the aggregate wage for unskilled workers to fall due to: a reduction in the wage premium via a change in the bargain; shrinkage in the size of the high wage sector; and increased supply of unskilled labour to other sectors. This structure is used to motivate a discussion of a time series analysis of the long-run relationship between net imports of trade in durable goods and the relative wage of skilled versus unskilled workers. The main empirical result is that "the durable goods deficit as a percent of GDP has the same long-run trend as the college premium from 1963 to 1988" (Borjas and Ramey, pg. 226) . The results reported here also relate to the long-run relationship between trade volumes and wages at the macro level. However, the precise choice of variables will reflect a different theoretical framework.
One of the difficulties in interpreting the Borjas/Ramey analysis is that the framework is essentially microeconomic, while the empirical analysis is macroeconomic. 5 As a result, the theoretical link between a broad aggregate like trade volume and the economywide wage premium remains quite unclear. Feenstra and Hanson (1996) provide an alternative analysis, with a more fundamentally macroeconomic basis. In their model, falling costs of outsourcing allow firms to move the most labor-intensive part of their production process offshore, with the implication that the relative demand for unskilled labor (relative skilled labor) falls, leading to an increase in the skill premium. Ethier (1982) and Markusen (1990) , Markusen and Venables (1997, 1999) Gaston and Trefler (1995) do, and their results are broadly supportive of models in which international competition suppresses rents that support payment of wage premia.
6 Feenstra and Hanson (1996) are primarily interested in accounting for the fact of a rising skill premium in both North and South, so their model is simplified in ways that stress this phenomenon. In particular, they develop a one-sector economy with a continuum of inputs, and two countries. Feenstra and Hanson (1997) focus on the Mexican case, finding that FDI is positively associated with the skill premium there. It should be noted that similar implications can emerge in models of outsourcing based on more conventional trade models. See, for example, Jones and Kierzkowski (2001) , Deardorff (2001) , and Kohler (2003) .
7 See Francois and Nelson (2002) for an expository development of this class of model.
issues, so their two-country model involves endowment differences as well as the division of labor structure. Within this framework, the authors show that effects of a reduction in barriers to multinationalization have ambiguous effects on the wage premium. Using a similar production structure, Lovely and Nelson (2000) examine trade between similar countries and wages, Francois and Nelson (2001) analyze trade and foreign direct investment between similar countries, and its effect on the wage premium, and the recent book by Dluhosch (2000) and the paper by Burda and Dluhosch (2002) 
GLOBALIZATION, ROUNDABOUTNESS, AND WAGE MECHANICS
We start with an examination of the linkages between relative wages and trade in a division-of-labor model along the lines of Ethier (1982) . Our starting point is returns related to the international division of labour. While the notion that the division of labour has both micro and macroeconomic foundations goes back at least to Adam Smith, and most clearly to Allyn Young, it lived a shadowy existence until the development of a number of simple formalisations in the early 1980s permitted direct introduction of these ideas into the main corpus of economic theory. 8 One of the fundamental barriers to formalization lay in the difficulty of treating the macroeconomic aspect of division of labour seriously in a tractable framework. The macroeconomic aspect of the analysis rests on the recognition that an increasing division of labour involves a fundamental transformation of technology (increasing "roundaboutness") at the level of the economy as a whole. In addition, as we are now well aware, any serious treatment of the macroeconomic aspects of the division of labour leads fairly directly to increasing returns and thus to non-convexities in the feasible set.
The key step in formalizing these essential notions was Wilfred Ethier's insight that the Spence-Dixit-Stiglitz model of monopolistic competition could be reinterpreted as a model of the division of labour. In addition to a perfectly competitive, constant returns to scale sector, the Ethier model has a sector that uses specialized inputs to produce a final consumption good. Allyn Young-like roundaboutness is represented by the fact that productivity in this sector is increasing in the variety of such inputs. On the other hand, the division of labour among producers of specialized inputs is limited by increasing returns and fixed resources. 9 As was clear from the start of this literature, this model was characterized by macroeconomic increasing returns as well as the microeconomic increasing returns at the level of specialized inputs.
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We first assume a numeraire good W produced with a standard neoclassical technology and employing two factors: skilled labor S and unskilled labor L.
In addition, skilled and unskilled labor can be employed in the manufacturing sector. This involves Ethier-type assembly of specialized intermediate goods under a CES technology:
In equation (2), intermediate goods x are indexed over n varieties. We assume symmetric and homothetic cost structures for the production of intermediate
where is the price of factor bundles used for the production of manufactured goods. The technology for production of factor bundles m is itself a standard neoclassical technology.
The economy, expressed in terms of the transformation technology for W and m, is strictly Heckscher-Ohlin. As such, we have full employment of factors.
It follows that in reduced form we can specify the transformation frontier between bundles and wheat as an artifact of equations (1), (4), (5), and (6). This is formalized as equation (7).
The market for intermediates is assumed to be monopolistically competitive. Given our specification of equations (2), (3) and (4), we are therefore able to specify the transformation technology from intermediate bundles to final manufactured goods in terms of a multiplier θ that is a function of the total scale of domestic and foreign production of intermediates m and m*, and also of a Samuelson trading cost coefficient τ. This is expressed formally in equations (8) and (9). (Francois and Nelson, 2002) .
The price of intermediate bundles m can be expressed as a function of our location on the transformation curve between m and W. Combined with average cost pricing of manufactured intermediates, we can then, in turn, specify the supply price of manufactured goods in terms of the multiplier θ and the price of intermediates.
( )
To close our model of the economy, we assume homothetic preferences.
As such, the expenditure share of manufactured goods α will be a function of the relative price of manufactured goods p M , while demand will be a function of relative prices and total income G. Income will itself be a function of relative prices and the trading cost.
To explore proxied by falls in the (equations 7, 8, 9, 10, 11) . This yields equations (15)- (19).
indicates the elasticity of x with respect to y.
expressing our results in percent chan n equations (20)- (22).
We also differentiate the demand side of the system, again ge terms. From equations (12)- (14), we obtai
We start with a symmetric equilibrium to stress the point that even etween identical economies, there are linkages between production patterns, and wages in division of labor models. As such, rest of world v d b trade, productivity and alues mirror home country values, and we can focus on home deman and supply conditions. Departure from symmetry is then discussed afterwards.
With appropriate substitutions, we solve for the change in the size of the manufacturing sector ˆ m . First, we substitute equation (17) into equations (20) and (21). This in turn we substitute into equation (22), yielding equation (23).
On the supply-side, we substitute equation (16) into (19), yielding equation (24).
etting equation (23) equal to equation (24), we then obtain equation (25). S ( )
In the fully symmetric equilibrium, where m=m*, we can simplify equation (25) ws: and re-arrange it as follo ( ) (
There are three basic ambiguities that arise in signing of equation (26). First, the impact of trading costs on GDP ε G,τ is in general ambiguous, though in a ymmetric equilibrium we may assume this is negative. Second, the impact of the price of manufactures on GDP 
3.
In this , framework that allows us to look at long and short run components. Before reporting our results, we first describe the data and the technique.
Our basic data on wages come from Baldwin and Cain (2000) . logs of these series. The proximate spur to the boom in analysis of these series is illustrated in Figure 2 , where we see both measures of the skill premium fall un about 1980, and then rise fairly dramatically.
Our theoretical discussion suggests that there is a link between an expanding global division of labor and the relative wage in which trade plays a fundamental part. Although our wage data come entirely from the US, the specification of intensity of division of labor in the model is defined with respect to the world market as a whole. 14 These data are taken from the United Nation's COMTRADE database, as further processed and reported in the Global Trade Analysis Project database, version 5.2. 15 Most of this literature focuses on developing countries (for a survey, see Ahmad, 2001 ). However, a number of papers have examined the case of industrial countries as well (e.g. Kunst and Marin, 1989; Marin, 1992, and Yamada, 1998) . In addition, the recent paper by Atesoglu and Vilasuso (2003) focuses exclusively on the United States. The earlier work pretty uniformly found little evidence of export-led growth, but more recent studies, based on newer econometric methodologies, produce more supportive results. Commonly these more recent studies find evidence of a two-way relationship between exports and growth.
Specifically, we consider measures of TFP for both manufacturing as a whole a for intermediate goods.
nd y ambiguous.
As we h ical e de and ary.
s, 16 These series are illustrated in Figure 4 .
Our model predicts that: (1) there should be a long run equilibrium relationship between international trade, TFP, and the skill premium, (2) within that relationship trade shocks should raise productivity, and (3) the effect of trade on wages is mediated by its effect on productivity and theoreticall ave just described, we have two alternative variables for each theoret variable. We examine all 8 possible three variable systems consisting of one of th trade variables, one of the productivity variables and one of the wage variables. In each case we test for a long run relationship by looking for co-integration between the three series. We test for whether trade shocks raise productivity via tests on the coefficients of any existing cointegrating relationships and also by examining the generalized impulse response functions (GIRFs) of the various three variable systems. To investigate whether the relationship between tra wages is mediated by productivity we compare the GIRFs of the three variable system to those of a two variable system consisting only of trade and wages.
Practically, the first step in testing for cointegration is to determine the order of integration of the series under study. We do so both by using augmented Dickey-Fuller (ADF) tests, where the null hypothesis is that the series contains a unit root, and KPSS tests where the null hypothesis is that the series is station
The results of these tests are presented in Table1. Panel A shows that the ADF tests fails to reject the hypothesis that each of the 6 variables has a unit root in their log levels, but rejects the same hypothesis in their growth rates. These results are mirrored almost exactly by the KPSS tests in panel B where the hypothesis that the log levels of the variables is stationary is rejected in all 6 case while the same hypothesis applied to the growth rates cannot be rejected in 5 of the 6 cases. The only place the tests conflict is on the question of whether th growth rate of our first wage variable is stationary (ADF says yes, KPSS say
As a "tiebreaker" we use a Phillips-Perron test, which rejects the null of a unit root in the growth rate of this variable at the 0.01 level. We thus conclude that all 6 of our variables are difference stationary and proceed to test for the cointegration between trade productivity and wages that our model implies.
Our cointegration tests use the now standard Johansen technique. We assume there is an intercept both in the cointegrating regression and in the VAR.
We use 4 lagged difference terms in the VAR. Table 2 shows that in all possible three variable systems, the null hypothesis of no cointegrating vecto As noted, the one more specific prediction of our model is that innovations to trade should raise productivity. We can test this hypothe means of testing coefficients in the single cointegrating relation found for each three variable system. The co identified and require some normalization to interpret them. Generally, o the variables has its coefficient normalized to 1.0. In our case we normalize the coefficient on productivity to 1.0 and then arrange the normalized coefficients to show the relationship between trade, wages and productivity. This is done for each of the 8 three variable systems and the results are reported in Table 3 . The
Johansen procedure also provides asymptotic standard errors for the normalized coefficients and from these we can conduct asymptotic significance tests.
In all 8 systems the long run effect of trade on productivity (controlling for the effect of wages) is estimated to be positive and in 6 of the 8 cases the positive effect is significant at the 0.01 level. This lends further support to our model in that we find very strong evidence that increased trade raises productivity.
We now turn to the dynamic responses to shocks in our three variable systems. Given that in each case, the variables are all I (1) 
where the i θ terms are k × k coefficient matrices and γ is a k × 1 coefficient vector which shows how the growth ra of the variables respond to movements in the cointegrating relation. using 4 lags of the growth rates. In each case we then study the responses of each variable in the system to a shock in one of the variables. We are especially interested in how productivity responds to trade shocks. We compute tes We estimate a VEC representation for all 8 of our three variable systems generalized es. We ll 8 lated ocks raise nd lower trade, productivity shocks raise productivity and lower impulse response functions which show the effect of a time t innovation in one series on the behavior of another series (or itself) at times t + i. The GIRF accomplishes this in a way that does not depend on the ordering of the seri also consider the cumulative effect of a shock via the accumulated GIR's of a system. These are simply the moving sum of the past impulse responses. Table 4 presents summaries of these accumulated GIR's. In particular, note that in a cases, the cumulative effect of a trade shock on productivity is positive, reinforcing the result found above using the normalized cointegrating coefficients.
All in all there is a very consistent qualitative pattern in the accumulated GIR's across the 8 estimated VEC systems in that the sign of the accumu effects do not vary across models. From the table we see that, wage sh productivity a trade, and that besides raising productivity, trade shocks also raise wages (the skill premium). Thus even when allowing for the possible mediating effect of productivity, trade innovations are associated with higher skill premiums.
Given that all 8 VEC's have the same pattern of results, we choose one particular system to discuss in more detail. Figure 5 shows the 10 period GIRFs for the three variable systems LWINTT2 LTFPINT LSP2 while Figure 6 s the moving sum of those responses (i.e. the accumulated GIR). Table 5 p   hows   rovides to the e model. 17 We can see from the Table that This is a way to gauge the overall importance of innovations in a variable evolution of the variables in th shocks are relatively important for explaining movements in productivity (the average fraction of variation explained is around 40%), while they are less important for explaining movements in the skill premium (the average fraction o variation explained is around 11%). The main factor explaining variation in the skill premium is its own innovations as innovations to the skill premium explai around 75% of its own variation.
The final prediction of our model to consider here is whether the estimated effect of trade on wages would be different if the productivity variable was excluded. To address this issue we take the three variables system analyzed above and drop the productivity v w LWINTT2 LSP2) model. Nonetheless, the magnitude of the effect is larger than most existing estimates, and appears to be larger than the profession's aggregate prior on that relationship. 6.6 1 9 6 7 1 9 7 0 1 9 7 3 1 9 7 6 1 9 7 9 1 9 8 2 1 9 8 5 1 9 8 8 1 9 9 1 1 9 9 4
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